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© A demand or impulse ink jet (14) ejects droplets 
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a solid state to a liquid state in the jet prior to the 
ejection of droplets on demand. The ink is then 
cooled on striking the target The ink may contain a 



CM 




rig. 1 



LU 



Xerox Copy Centre 



BNSOOCID: <EP 021324OA1_l_> 



0 213 240 



UTILIZING A PHASE CHANGE INK IN INK JETTING 



■ n 



This invention relates to demand or impulse ink 
jets of the type wherein droplets of ink are fired at 
varying time intervals as requited or demanded for 
printing. 

A demand or impulse ink jet comprises an ink 5 
jet chamber including an orifice from which 
droplets are ejected and an ink supply inlet coup- 
led to a source or reservoir of ink. In such a jet, a 
driver is coupled to the chamber such that the 
change in state of energization of the driver results w 
in the ejection of a droplet of ink from the orifice. 
By changing the state of energization of the driver 
at the appropriate moment, a droplet of ink may be 
ejected oh demand in a trajectory directed at a 
suitable substrate or target such as paper. is 

In an ink jet apparatus comprising an array of 
demand or impluse ink jets,each jet ejects a 
droplet of ink from an orifice in response to the 
expansion and contraction of drivers in the form of 
elongated transducers which are energized in re- 20 
sponse to a field selectively applied transversely to 
the axis of elongation. As a result, substantial dis- 
placement of the transducers is achieved which is 
capable of ejecting a droplet of ink. 

Heretofore, demand or impulse ink jets of this 25 
type have employed an ink which is stored in a 
reservoir in a liquid state supplied to one or more 
ink jet chambers in a liquid state and ejected from 
the chambers through the orifice in a liquid state. 
Upon ejection, the droplets dry on the target which 30 
receive the droplets over a certain length of time 
which is a function of the particular ink utilized. 

Inks utilized in such demand or impulse ink jets 
may be of various types. Water-based inks may be 
used with demand ink jets and may be incompati- 35 
ble with paper having poor penetration and drying 
characteristics with respect to the paper. On the 
other hand, oil-based inks which are more compati- 
ble with paper, have low surface tension and gen- 
erally provide ink dots which are too large to give ao 
good print quality. Inks stored in a liquid state 
whether oil or water-based may undergo some 
deterioration, evaporation and degeneration includ- 
ing the possible pick-up of dirt, dust and other 
particulate matter. Moreover, liquid inks which are 45 
pigmented may undergo settling and agglomer- 
ation. The shelf-life may, therefore, be limited. 

In continuous ink jets wherein droplets are con- 
tinuously ejected at regular intervals and deflected 
where not desired, inks have been employed which 50 
undergo a phase change. When ink is stored within 
a reservoir supplying an ink jet chamber continous- 
ly ejecting well-formed spherical droplets, the ink 
must be heated. Liquid ink is then ejected and 
cooled after striking a suitable target In such a 



continuous ink jet, the ink is constantly under pres- 
sure and droplets are continuously ejected from the 
orifice over some distance and length of time so as 
to permit cooling to the phase change temperature 
before striking the paper. See, for example, U.S. 
patents 3,715,219 and 3,653,932 for a disclosure of 
a continuous jet with a phase change ink. 

According to the invention there is provided a 
method of operating an impulse system for jetting 
a meltable ink which undergoes a thermally revers- 
ible liquid to solid phase transition, said method 
being characterized by the following steps: 

-elevating the temperature of said ink so as to 
effect a solid to liquid transition; and 

-ejecting a drop of liquid ink on demand toward a 
target. 

In at least some embodiments of the invention 
it is possible to achieve one or more of the follow- 
ing: 

-to operate a demand ink jet in the manner so as to 
achieve a high quality printing. 

-to achieve a high resolution in demand ink jet 
printing; eg., small circular dots with good edge 
definition and contrast 

-to operate a demand ink jet so as to print with 
high quality and high resolution on a variety of 
substrates or targets. 

-to operate a demand ink jet with stable ink. 

In one embodiment of the invention, an im- 
pulse ink jet juxtaposed to a target comprises a 
reservoir and an ink jet chamber including an ori- 
fice for ejecting droplets and an inlet coupled to the 
reservoir for receiving ink. A volume of ink in the 
reservoir arid the chamber forming a meniscus of 
ink in this orifice is heated so as to produce a 
change in phase from a substantially solid state 
below a predetermined temperature to a substan- 
tially liquid state above the temperature. Droplets 
are formed in a liquid state on demand at the 
meniscus at irregular intervals and subsequently 
ejected. The ejected droplets then contact the sub- 
strate at which time cooling occurs so as to promp- 
tly change the droplets on the substrate from a 
liquid to a solid state. 
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The droplets in the liquid state may have a 
viscosity no greater than 35 centipoise and prefer- 
ably no greater than 15 centipoise. Moreover, the 
ink may be heated to a temperature in excess of 
150° F. The ink in the reservoir can be maintained 
at little or no pressure, i.e., substantially atmo- 
spheric pressure. 

In accordance with one way of performing the 
invention, the transit time of the droplet is mini- 
mized. In this connection, the drop travels no more 
than .6 cm to the target. This travel occurs at a 
velocity more than 2 m/sec. preferably more than 4 
m/sec. and optimally more than 10 m/sec. 

The temperature of the ink is elevated to more 
than 10°F above the solid to liquid transition and 
preferably 20 •F. 

Preferably, the droplet striking the target ac- 
tually forms a mechanical bond. Where the target 
comprises a fibrous material with capillarity and 
appreciable porosity, the droplet actually pene- 
trates the target. In such a target, at least 20% 
volume of the ink is absorbed into the target and 
preferably at least 50% of the volume of ink is 
absorbed into the target. However, at least 10% of 
the volume of the ink is not absorbed and prefer- 
ably at least 40% so as to provide a three dimen- 
sional effect of the droplet on the target, i.e., pene- 
tration of the droplet into the target results in a 
particularly strong mechanical bond with the target 

In accordance with a further way of performing 
the invention, the maximum cross-sectional dimen- 
sion of the drop on the target does not exceed 
three times the maximum cross-sectional dimen- 
sions of the drop travelling toward the target in the 
liquid state. 

In one preferred arrangement the ink contains 
wax. 

In a preferred embodiment of the invention, a 
plurality of jets are utilized in an array so as to 
eject droplets of a liquid state on demand from 
various jets. Individual droplets from the individual 
jets are then cooled at the substrate. 

The invention will be better understood from 
the following description, given by way of example 
and with reference to the accompanying drawings, 
wherein: 

FIG. 1 is a schematic diagram of one form of 
demand ink jet system for use in accordance with 
a preferred way of performing this invention; 

FIG. 2 is an enlarged partially schematic 
diagram of a droplet of ink travelling from an orifice 
to a target 

FIG. 3 is a partially schematic enlarged view 
of a droplet travelling to and penetrating a target; 

FIG. 4 is a graphical representation of the 
temperature of a droplet in transit to a target; 



FIG. 5 is a diagrammatic view representing 
the temperature of a droplet as a function of transit 
to the target; 

FIG. 6 is a cross-sectional, partially - 

5 schematic diagram of ah alternative demand ink jet 
system; and 

RGs. 7(a-f) is a sequential diagrammatic re- 
presentation of a droplet of ink passing from the 
orifice to the target. 

70 Referring to FIG. 1, an ink jet apparatus is 

disclosed including an ink jet employing a housing 
12 including a nozzle having an orifice 14. The 
housing 12 which includes a chamber is encircled 
by a piezo-electric transducer 16. The transducer 

rs 16 is energized and de-energized in response to 
the application of a voltage from a pulse source 18 
which is supplied between leads 20 and 22. 

Droplets of ink 24 are ejected from the orifice 
14 toward a target 26 which may comprise paper 

20 or other suitable substrate. Ink is supplied to the jet 
from a reservoir 28 through a coupling tube 30. 

The ink within the reservoir is a phase change 
ink which is solid at lower temperatures and liquid 
at elevated temperatures after passing through a 

25 phase change transition. A suitable ink is a wax- 
containing ink which is solid or semi-solid at am- 
bient temperature but is liquid at elevated tempera- 
tures so as to permit discharge from the orifice 14. 
The ink which is heated to the elevated tem- 

30 perature will solidify and form a mechanical bond 
when it comes in contact with a suitable target 26 
such as paper or other cellulosic material. The rate 
of solidification of the ink which may contain wax 
will control the degree of penetration into the pa- 
ss per. Where paper is used, its fibrous and porous 
nature exhibiting a high degree of capillarity results 
in an even stronger mechanical bond due to the 
penetration of the ink and greater contact with a 
greater surface area. 

40 Phase change inks of the type contemplated 

herein are particularly desirable since they produce 
a small circular dot As a general rule for a given 
temperature, inks containing wax as a major com- 
ponent thereof will have less penetration into the 

46 paper and therefore a smaller and more circular 
dot than inks containing additive amounts of wax 
which will further penetrate the paper and produce 
larger circular dots. 

The heating of the ink to an elevated tempera- 

50 ture is accomplished by emersing the reservoir 28 
in a hot water bath 32 or subjecting the reservoir 
28 to other suitable heating means. The coupling 
tube 30 and the jet itself are heated by an infrared 
light 34. 

55 Referring to FIG. 2, the orifice 14 is shown 

juxtaposed to the target 26 with a droplet 24 mov- 
ing toward the target 26. It is particularly important 
that the droplet 24 remain at a sufficiently elevated 
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temperature so as not to be in a liquid to solid 
; phase transition at the time that it strikes the target 
;26. In this connection, it is particularly important 
that the velocity of the droplet 24 arid the spacing 
S between the brifice 14 and the target 26 assure a 5 
sufficiently short trajectory time to maintain the 
droplet 24 in the liquid state. For this purpose, it is 
desirable that the spacing S not exceed 0.6 cm. It 
is also desirable that the velocity of the droplet 24 
be at least 2 m/sec, preferably more than 4 m/sec io 
and optimally more than 10 m/sec. This will assure 
that the droplet 24 is still in the liquid state upon 
contact with the target 26 if the ink Is heated to a 
temperature above the phase change transition 
point is 

By assuring that the droplet 24 is In the liquid 
state when it strikes the target 26, a good bond is 
assured between the ink and the target As shown 
in FIG. 3, contact between the fibrous target 26 and 
the ink 24 in the liquid state assures, because of 20 
the capillarity of the target, substantial penetration 
of the droplet 24D when deposited on the target 
26. Preferably, at least 10% of the volume of the 
droplet 24Q actually penetrates the target and opti- 
mally as much as 50% or more. This produces a 25 
substantial portion 24P within the target 26 itself 
producing a substantial bonding surface area 24B. 
On the other hand, the portion 24S of the droplet 
on the surface of the target 26 represents less than 
50% of the droplet It is, however, desirable that 30 
the portion 24S represent at least 10% arid prefer- 
ably more than 40% so as to provide a raised 
droplet on the surface 26, Le M the portion 24S 
extends above the paper 26. this three dimen- 
sional effect results in high quality printing. 35 

Referring to FIG. 4, the spacing between the 
orifice 14 and the target 26 as depicted on the 
horizontal axis where S t represents the position of 
the target itself. The vertical axis depicts tempera- 
ture. It is preferred that the ink have a melting point 40 
or phase transition point of 135° to 200 °F. As 
shown.in this connection it is preferred to heat the 
ink to a temperature at least 30° F above the melt- 
ing or phase transition point so as to permit some 
cooling of the ink by the time the droplet reaches 45 
the target This will assure that the temperature of 
the droplet When striking the target 26 is at least 
10°F and preferably 20° F aJboyte the transition 
point. For example, for a transition point of 150° F, 
ft is desirable that the ink be heated to a tempera- so 
ture of at least 180°F so as to assure that the ink 
upon contacting the target will be at least 160°F 
arid preferably 170°F. 



Referring to FIG. 5, transit j time is depcted as 
a function of terhperature. Where T t represents the 
time in which the droplet strikes the target In order 
to assure that the! temperature of the droplet at the 
time of striking the target is well above the transi- 
tion point, the transit time of ipss than 30 msecs. 
and preferably less than 6 msecs. is preferred. 

Referring to FIG. 6, a demand or impulse ink 
jet comprises a chamber 110 within a housing 112 
including an orifice 114. The transducer 116 is 
coupled to the chamber 110 through a diaphragm 
1 18 at the rear of the chamber opposite the orifice 
114. The transducer 116 is energized and de- 
energized in response to the application of a pul- 
sed voltage V across electrodes 120 and 122 so as 
to create a field transverse to the transducer 116. 
Ink is supplied to the chamber pti through an inlet 
124. " * j 

The volume of ink within the resevoir or mani- 
fold 130 supplying the inlet 124 as well as the 
chamber 110 is heated so as tq maintain the ink in 
a liquid state. In the absence of such heat, the ink 
returns to a solid state, in other words, the ink 
undergoes a phase change when heated to a liquid 
state so as to be in a state of readiness for ejection 
from the brifice 114 upon demand. The reservoir 
130 may be served by ah even larger reservoir not 
shown. 

The heating of the volume of ink within the 
chamber 110 is accomplished by electrical heating 
means. As shown in FIG. 1, the heating means are 
depicted by a resistance 128 coupled to a power 
supply. , 

It will be appreciated that the meniscus in the 
orifice 14 is heated at all times to a sufficiently high 
temperature so as to maintain the ink in a liquid 
state. In other words, the ink is not permitted to 
solidify at the meniscus. The state is maintained at 
all times notwithstanding the fact that there may be 
no ejection of a droplet from the orifice 114 for an 
extended period of time, e.g., minutes or even 
hours. It will, of course, be appreciated that there is 
no substantial pressure or head within the chamber 
110. in fact, ariy pr&sisure within the chamber 110 
may be slightly negative. 

Reference will now be made to FIG. 7 wherein 
the formation of ai droplet from the meniscus shown 
in FIG. 2 is demonstrated. FIG. 7(a) depicts the 
meniscus 226 in the retracted position shown in 
FIG. 2. FIG. 7(b) illustrates the onset of the forma- 
tion of a droplet when the transducer is initially 
de-energized so as to expand toward the orifice 
114 as shdwh in FIG. 2. Note that an elongated 
segment 228 is formed in the meniscus at this time 
as shown in FIG. 7(b). 
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FIG. 7 shows the continued formation of the 
droplet as the meniscus 226 advances to a point 
.External to the orifice 114. In FIG. 7(d). the 
meriiscus advances further and the formation of a 
ligament 230 is seen. At FIG. 7(e), the ligament 
230 is broken off and is now traveling toward the 
target ^ote that the heat 232 of the ligament 230 
is enlarged, i.e., has a larger cross-sectional area, 
than the tail 234 of the ligament 230. Despite the 
elongated nature of the ligament 230, the tempera- 
ture of the ink is sufficiently high so as to maintain 
this ligament in a liquid state throughout its trajec- 
tory toward the target. 

As shown in FIG. 7(f), the ligament 230 has 
contacted a substrate or target 236 so as to form a 
droplet 238 upon contact with the target 236, the 
droplet 238 begins to solidify as the temperature 
drops. 

As shown in RG. 3 as well as FIG. 7(f), the 
droplet 24d as well as the droplet 238 does not 
have a substantially larger maximum cross-sec- 
tional dimension than that droplet 24 and the 
droplet or ligament 230 respectively. Preferably, 
the maximum cross-sectional dimension of the 
droplet on the target is no more than three times 
the maximum cross-sectional dimension of the 
droplet in flight 

A particularly suitable thermally reversible, 
phase change ink for use in this invention is a wax- 
based ink. Such an ink may contain but is not 
necessarily limited to natural waxes such as Japan 
wax, candellila wax, camauba wax, etc. 



The ink composition can contain waxes in an 
approximate range from 0.5 to 97.0 percentage by 
weight The wax may be the basic fluid vehicle of 
the ink or may be used as an additive to other 
5 fluidic vehicles such as fatty acitjis, and more par- 
ticularly oleic add, and oleic acid with benzyl ether, 
etc. 

Within the definition of the natural wax are also 
included compounded waxes which may include 

io synthetic substances, resins and meltable poly- 
meric materials. 

A coloring agent or dye such as an oil or 
solvent soluble dye is usually added to the com- 
position for visibility. 

75 Inks of this type has been found to provide 

highly repetitive dots of small size and extremely 
good print quality. Print quality is generally a mea- 
sure of the circularity of the dot. The present 
inventive natural waxes provide circularities of 0.7 

20 or better as measured by the teqhnique described 
in U.S. Patent No. 4,361,843, issued November 30, 
1982; which technique is meant to be incorporated 
hereby by way of reference. 

The ink formulations disclosed herein find par- 

25 ticular applicability in impulse ink jet apparatuses, 
but are not limited thereto. 

Specific formulations which have been found to 
provide good ink dot circularity are presented in 
Table I below, wherein the quoted figures indicate 

30 relative proportions by weight 
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Another ink formulation not involving the use of 
natural waxes is the following, wherein the quoted 
figures represent relative proportions by weight 
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Stearone 30 

Acrylic Polymer (Acryloid 2 
D-55 by Rohnr & Haas) 

Hydrofol 2260 (by Sherex 65 
Chemicals) (containing 
approximately 60% behrenic 
acid and 40% stearic acid) 

Calco Nigrosine Base 3 
having a viscosity of 9.5 centipoise at 90°C. 



The above ink formulations provide dots which 
produce characters approaching and surpassing 
typewriter quality printing. As such the above for- 
mulations are believed to provide inks which result 
in the finest print quality in the ink jet art. 

The above formulations are, however, meant to 
be only exemplary, and are meant to provide a 
general teaching and understanding of preferred 
ways of performing the invention. 



Claims 

1. A method of operating an impulse system 
for jetting a meltable ink which undergoes a ther- 
mally reversible liquid to solid phase transition, 
said method being characterized by the following 
steps: 

-elevating the temperature of said ink so as to 
effect a solid to liquid transition; and 

-ejecting a drop of liquid ink on demand toward a 
target. 

2. A method according to claim 1, wherein the 
drop strikes the target while in the liquid phase and 
undergoes a liquid to solid phase transition after 
striking the target. 



3. A method according to claim 1 or 2, wherein 
the drop travels no more than .6 cm to the target. 
20 4. A method according to claim 1, 2 or 3 

wherein the drop travels at a velocity of more than 
2 m/sec. 

5. A method according to any preceding claim, 
wherein the temperature of the ink is elevated to 

25 more than 10°F above the solid to liquid transition 
point. 

6. A method according to any preceding claim, 
wherein the temperature of the ink is elevated to 
more than 10°F above the solid to liquid transition 

so point 

7. A method according to any preceding claim, 
wherein the maximum cross-sectional dimensions 
of the drop on the target in the soiid phase does 
not exceed three times the maximum cross-sec- 

35 tional dimensions of the drop travelling toward the 
target. 

8. A method according to any preceding claim, 
wherein the drop forms a mechanical bond with the 
target 

40 9. A method according to any preceding claim, 

wherein the viscosity of the liquid ink being ejected 
is less than 35 centipoise. 

10. A method according to any preceding 
claim, wherein the ink contains wax. 

45 



so 



55 
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